ABSTRACT. There is a substantial literature on the characteristics of policy instruments. Unfortunately, there is an unhelpful degree of overlap in the strengths and weaknesses of different instruments. As a consequence, rarely is it the case that one particular instrument is obviously superior to all others. Policy makers must then make choices about which instrument(s) to use. The economics discipline can provide some insights for instrument choice through its exploration of market failures related to natural resource management. Few attempts, however, have been made to encapsulate these economic concepts in way to that could aid policy makers in these choices and ensure that policy instrument choice aligns with the fundamental cause of the behavior to be changed. We describe and provide example applications of the policy choice framework (PCF). The PCF was developed to assist policy makers to deliberately and systematically choose policy instruments to influence the behavior of farmers. The PCF is unique among methods for choosing policy instruments because it links the microeconomic reasons underpinning the choice of a primary policy instrument (stage one) with predictions of the behavior of farmers (stage two) and predictions about the organizational needs of agencies responsible for implementing policy (stage three). We describe the PCF using two applications: wild dog management and the control of agricultural nitrogen discharges. Our purpose was to show how the PCF could be employed to assist in policy instrument selection. We then discuss the implications for policy design and instrument choice.
INTRODUCTION
The intent of much agricultural and natural resource policy is to change the behavior of farmers to achieve a specified outcome. There are a variety of policy instruments that may be employed to do this. Some instruments, such as regulations, are intended to compel changes in behavior. Others, like incentives, are intended to induce voluntary changes in behavior.
There is a substantial literature on the characteristics of policy instruments, their strengths and weaknesses, and an extensive set of criteria for choosing between them (OTA 1995, Gunningham et al. 1998 , Vedung 1998 , Russell and Powell 1999 , Australian Public Service Commission 2009 , United Nations Environment Programme 2009 , Greenhalgh and Selman 2014 , Mees et al. 2014 . However, there is an unhelpful degree of overlap in the strengths and weaknesses of different instruments (Goulder and Parry 2008) . As a consequence, rarely is it the case that one particular instrument is obviously superior to all others. Policy makers must then make choices about which instrument(s) to use, despite efforts to better define the circumstances governing instrument success (Taylor et al. 2012, Craig and Roberts 2015) .
The economics discipline can provide some useful insights for instrument choice through its exploration of market failures related to natural resource management.
[1] Few attempts, however, have been made to encapsulate these economic concepts in a way that could systematically and deliberately aid policy makers in these choices and ensure policy instrument choice aligns with the fundamental cause of the behavior to be changed (Randall 1983 ). There are some exceptions, e.g., Pannell (2008) , Connor et al. (2009) , and Mees et al. (2014) . However, these exceptions do not provide policy makers with a means of (i) identifying the fundamental cause, from a microeconomic perspective, of the natural resource problem they face; and (ii) inferring from the fundamental cause the policy instrument that would be feasible and efficient in resolving the resource problem.
For example, Pannell (2008) draws on microeconomic theory but does not use market failure criteria to choose between policy instruments. Connor et al. (2009) use decision trees to arrive at a preferred policy instrument using elimination-by-aspects but do not explicitly use microeconomic criteria. Mees et al. (2014) propose a step-wise process for choosing a policy instrument and suggest efficiency as a criterion without describing the microeconomic foundations of efficiency (market failure) and how these foundations relate to natural resource management problems.
Our aim is to describe a framework, the policy choice framework (PCF), which has been designed to fill this gap. The PCF is a tool to assist policy makers to apply the principles of market failure to identify the fundamental causes of the policy problem they face and, through an elimination-by-aspects process (Tversky 1972) , identify a feasible and efficient policy instrument to influence farmer behavior.
In contrast with the multicriteria decision-making approaches that others have employed (Bryan and Kandulu 2011, Velasquez and Hester 2013 ) the decision trees in the PCF allow policy makers to choose between the major types of instruments following an elimination-by-aspects process that is in keeping with the theory underpinning the concept of market failure. By directly linking instrument choice with fundamental differences in the nature of the market failure, the PCF advances the theory of policy instrument selection. In principle, policy makers operating within a traditional, or a participative (Ostrom 2009 , Cox et al. 2010 , Holley et al. 2013 , model of resource governance can employ the PCF. https://www.ecologyandsociety.org/vol22/iss2/art2/ The PCF also differs from most other tools for choosing policy instruments because, having identified a primary policy instrument based on market failure criteria, the resulting choice is then linked through a series of decision trees with predictions of farmer response to the policy, and predictions about the organizational needs of agencies responsible for implementing policy (see Appendix 1). This paper is based on the application of the PCF to irrigation modernization in Australia (Johnson, Kaine, Sandall, and Murdoch 2009, unpublished manuscript) , wild dog management in Australia (Lourey et al. 2011) , and to nutrient management in Australia and New Zealand (Kaine et al. 2008, Young and Kaine 2010) . We describe the literature the PCF draws from and how this literature is used to choose between different policy instruments. We outline the application of the PCF to wild dog management and nutrient management before discussing the implications of these applications for policy design.
THEORY

Overview of the policy choice framework
The PCF's goal is to determine how to change farmer behavior. This means a policy objective or outcome must be formulated and the behaviors that contribute to, or detract from, the policy outcome need to be identified. The policy decision is, therefore, how to encourage any desirable behavior because it contributes to the policy outcome, and how to discourage any undesirable behavior because it detracts from the outcome.
The PCF contains three distinct but related stages (see Fig. 1 ), with a series of decision trees to guide a policy maker through each stage. In the first stage classical microeconomic theory in relation to market failure (Randall 1983 ) is employed, along with other criteria, to systematically exclude policy instruments from consideration because they are not efficient, or politically or technically practical. Ideally, the principal or primary instrument for changing farmer behavior emerges. Some policy problems, however, encompass more than one kind of market failure (Goulder and Parry 2008) and repeated applications of the PCF are required in such circumstances.
Having identified an instrument, the next stage assesses how farmers react to the instrument, and if they will change their behavior as expected. A combination of farm systems theory and social psychology are used to predict farmers' reactions to the policy instrument and forecast changes in their behavior. This stage determines the feasibility of the primary instrument in terms of farmers' reactions (perhaps with some modification or use of complementary policy measures).
Key to the successful implementation of policy is the structure and resourcing of implementing agencies. As instruments differ, different organizational procedures, processes, structures, and even cultures are required for their successful implementation. In the third stage a combination of organizational behavior theory and systems theory is used to predict the organizational changes that may be required for agencies to successfully implement the primary policy instrument and any complementary measures. This stage confirms if the primary instrument (and any complementary measures) is feasible to implement from the implementing agencies perspective. Stage one: choosing a policy instrument Microeconomic theory on market failure Quandt 1980, Randall 1983) guides the selection of a policy instrument. In theory, the unrestricted operation of purely competitive markets should maximize social welfare. In practice markets may not be purely competitive and, as a consequence, government intervention in the economy may be justified to improve social welfare. When markets persistently, substantially, and systematically fail to allocate resources to their most highly valued use then they are inefficient. The crucial term here is "persistently" because this signals the presence of a fundamental flaw in the operation of markets (Randall 1983) . Inefficiency occurs when markets are missing, incomplete, or imperfect.
[2] These represent Ecology and Society 22(2): 2 https://www.ecologyandsociety.org/vol22/iss2/art2/ different forms of market failure and each provides a necessary, though not sufficient, justification for government intervention. For government intervention to be fully justified it is also necessary to establish that the social benefits of the chosen intervention outweigh the costs (Stern 2007) . Randall (1983) identified two properties for identifying why markets are missing or incomplete and so are persistently inefficient: nonexclusiveness and nonrivalry. Nonexclusiveness occurs when either the supplier of a product/service is unable to obtain payment in full from those that benefit from the product/ service; or the user of a product/service can avoid paying the full cost of using the product/service. Nonrivalry occurs when the use of a product/service by one individual does not affect the use of a product/service by others.
When both conditions are present the market is missing. When a market exists for a product/service but the supply or use of the product/service creates costs or benefits that are not fully reflected in its price (Vatn and Bromley 1997) then the market is incomplete (Randall 1983) . In other words, there are nonexclusive benefits or costs associated with the supply or use of the product/service. Persistent failure to adequately price all costs and benefits associated with the supply or use of a product/service implies rivalry, but nonexclusivity, in at least one of the inputs or resources involved in the supply or use the product/service. Such nonexclusive benefits or costs are commonly termed positive or negative externalities, respectively (Randall 1983) and are the feature of missing markets. Imperfect markets such as monopolies arise when an agent in the market can influence the market price.
When markets are incomplete and create nonexclusive benefits (costs) then the supply or use of the relevant input or resource will be less (more) than is economically optimal. This means the welfare of the community can be improved by encouraging (discouraging) supply or use of the relevant product/service.
To apply microeconomic theory the behavior of interest is translated into the supply, or use, of a product/service. The PCF "policy and products tree" uses the following criteria to translate behaviors (or actions) into products/services:
. Is the action consistent with the policy objective?
. Will the action be taken voluntarily in the absence of a policy intervention?
. Will a business or an individual take the action (Kaine and Lourey 2012)?
The "justifications tree" uses market failure to characterize the fundamental reason why farmers are not supplying or using a product/service (when this is desirable), or why they continue to supply or use a product/service (when this is undesirable). This fundamental reason for the behavior of interest provides the technical justification, from an economic perspective, for government to intervene to change the farmer behavior. The decision to actually intervene will depend on whether the overall benefits of intervening outweigh the overall costs.
Next a policy instrument to counteract the fundamental cause of the persistent behavior is identified. This is done in the PCF using four trees, the "primary instrument," "public benefits," "public costs," and "compulsory change" trees.
The choice of policy instruments depends on the following:
. Whether there are economies of scale in supply of a product or service (Henderson and Quandt 1980) ;
. Whether the rights of those that experience uncompensated costs or benefits have priority over the rights of those who create uncompensated costs or benefits;
. Whether the supply or use of the relevant product or service can be measured;
. Whether the value of the public benefits or public costs associated with the supply or use of the relevant product or service can be measured (Kaine and Lourey 2012) .
Policy instruments tend to be either incentives to promote voluntary changes in behavior or regulations, taxes and charges, and quantity-based market instruments to compel changes in behavior. While recognizing there are many forms of standards, regulation can be usefully classified into three kinds: performance standards, technology standards, and process standards (Gunningham et al. 1998, Bluff and Gunningham 2004) .
Where the individual supply (or use) of the product or service that creates a public benefit (public cost) is relatively easy and inexpensive to measure then market instruments such as a tax or cap-and-trade scheme, or performance standards can be employed (Gunningham et al. 1998) . The choice between these depends on whether individual differences in the value of creating the benefit (or cost) can be measured relatively inexpensively. If this is the case then market instruments are feasible. If not then performance standards are the better option.
Where individual differences cannot be measured technology or process standards are best used. If the public benefits (or costs) are strongly influenced by the type of technology/materials used in the behavior then technology standards are more appropriate (Bluff and Gunningham 2004) . Where the creation of public benefits (or costs) depend on how technology/materials are used then both technology and process standards may be necessary (Bluff and Gunningham 2004) . In principle, this stage of the PCF could also be used in other domains such as health, education, transport, and crime.
Stage two: predicting farmers' responses
How farmers react to the primary instrument is assessed next using the "I 3 response" and "use variety" trees. Although approaches such as those described by Black (2000) and Knowler and Bradshaw (2007) could be used, the PCF uses a combination of farm systems (Crouch 1981) , social psychology (Derbaix and Vanden Abeele 1985) and marketing (Shih and Venkatesh 2004) theory to ascertain farmers' reactions and their expected behavior changes Higson 2006a, Kaine et al. 2010 ).
If farmers react favorably there are likely few implementation barriers. However, if they react unfavorably they may behave in counterproductive ways, and changing how the primary instrument is implemented should be explored to counteract this response, e.g., using a complementary measure such as offering incentives (Kaine et al. 2010) . When farmers' reactions are so unfavorable it is not politically feasible to implement the instrument then the choice of primary instrument should be revisited.
Ecology and Society 22(2): 2 https://www.ecologyandsociety.org/vol22/iss2/art2/ In some instances, even though farmers are expected to react favorably, insufficient farmers change behavior to meet the policy outcome. Or, the pace of change may be too slow to achieve the policy deadline. Again, additional policy measures may be required, or the choice of the primary instrument reconsidered. For example, a regulated code of conduct may replace a voluntary industry code of conduct as the primary instrument to ensure all businesses in an industry meet certain operating standards.
The "scope and rate" tree is used to predict the number of farmers and the rate of behavior change. This is based on a combination of farm systems (Crouch 1981) , innovation (Abernathy and Clark 1985, Henderson and Clark 1990) , and consumer purchase (Kapferer and Laurent 1986, Assael 1998) theory to assess the rate of behavior change.
Stage three: predicting agency responses
Because the principles underpinning the design and operation of policy instruments differ, different organizational procedures, processes, structures, and even cultures are required to successfully implement different policy instruments (Abernathy and Clark 1985 , Kaine and Higson 2006b , Kaine et al. 2006 . Therefore, a new instrument may require agencies to adapt to meet new needs, all of which require resourcing. The "policy innovation" tree uses a combination of organizational behavior and systems theory (Abernathy and Clark 1985) to predict what organizational changes may be required to successfully implement the primary policy instrument.
Often, the authority, responsibility, and resources for the design and implementation of agricultural and natural resource policy are distributed among different organizations , Petris 2004 , Considine 2005 . This creates similar circumstances to those that arise with outsourcing in business. Outsourcing involves contracting with a supplier from outside an organization for the provision of goods and services that, traditionally, would have been provided internally within the organization (Hunter 2004) . This creates dependencies between organizations because achieving one organization's objectives depends upon another organization achieving their objectives (Hunter 2004 ) resulting in governance and strategic risks.
The "relationship choice trees" are intended to help predict the governance and strategic risks that may arise when policy design and implementation activities are shared among a set of organizations. This uses a combination of economic (Williamson 1979 (Williamson , 1991 , strategy (Porter 1985 (Porter , 1996 , and human resource (Rousseau 1990 , Legge 2005 theory to identify the potential risks of distributing the responsibility for developing and implementing natural resource policy among a group of organizations Keeble 2007, Keeble et al. 2008) .
APPLICATION
Wild dog control in Australia and agricultural nutrient discharge management in New Zealand are policy challenges we use to demonstrate the application of the PCF.
Wild dogs
Wild dogs are a well-established pest species in Victoria, Australia. They attack livestock, adversely affect dingo (native dog) populations, present human and livestock disease problems, and may, potentially, threaten human safety (King 2008). Although livestock losses are usually confined to properties adjoining public land where wild dog populations are concentrated, attacks can occur elsewhere (King 2008).
Public and private landowners have legislated responsibility to take all reasonable steps to prevent the spread of, and as far as possible eradicate, established pest animals such as wild dogs (Department of Primary Industries 2010). Control activities include trapping, poisoning, and shooting while exclusion fencing and guard animals reduce wild dog attacks.
Stage one: policy instrument for wild dog control
In the absence of policy few farmers would voluntarily undertake control activities. Thus the policy objective is for farmers to prevent or reduce wild dog attacks. These actions are the supply of a pest control service by farm businesses to reduce the frequency of wild dog attacks.
Without government intervention, control measures such as baiting, shooting, and trapping are nonexclusive in production because an individual farmer who takes these measures cannot exclude other farmers from also benefitting. Nor can they compel other farmers to pay for the protection they receive. These control measures are also nonrival in consumption because the protection one farmer receives from the service, i.e., reduced wild dog attacks, does not exclude other farmers from receiving similar benefits. This means there is a missing market for the private supply of pest control services for wild dogs justifying government intervention to create the supply of the service.
The purpose of the primary instrument is, therefore, to supply a pest control service for wild dogs. Because economies of scale are unlikely to exist, incentives to encourage farmers to voluntarily supply the service, or instruments that compel farmers to supply the service are the possible instruments. The preferred option depends on whose rights have priority: the rights of farmers who would have to change their behavior, or the rights of those in the community who benefit from the change. Many farmers and, in principle, the wider community experience uncompensated benefits from reduced numbers of wild dogs, including fewer livestock and wildlife losses, less hybridization of dingoes, less environmental degradation, and fewer potentially negative health impacts.
Given landowners legally have to take reasonable steps to control wild dogs, it seems reasonable that the rights of those who gain uncompensated benefits have priority over the rights of individuals that create the benefits. Hence, a policy instrument that enforces compulsory supply is more appropriate.
With shooting, public benefits are created as wild dogs are killed. Because individuals know the costs they incur a market instrument may be feasible. Therefore, a type of cap and trade scheme could be introduced, e.g., a landholder-funded bounty system with limited transferable permits to kill wild dogs. A cap on the number of transferable permits is necessary to establish exclusiveness in supply of the service and, therefore, value in possessing a permit.
Measuring the public benefit created by activities, such as fencing and baiting, is more challenging because market mechanisms or performance standards are unlikely to be feasible. Instead, the options are (1) regulating technology/materials, or (2) regulating Ecology and Society 22(2): 2 https://www.ecologyandsociety.org/vol22/iss2/art2/ the management of technologies/materials, e.g., timing and placement of baits.
Stage two: farmers' responses to wild dog control policy options
The enforcement of technology and process standards for wild dog control by farmers is prohibitively expensive, if not impractical. Consequently, compliance by farmers with standards becomes, largely, voluntary. Hence the supply of these services becomes a matter of coproduction (Wright et al. 2011a,b) . Community-led control activities, supported by incentives, are probably the only practical approach to maximizing control activities and compliance with control standards, e.g., payment of incentives subject to meeting exclusion fencing standards. [3] Because farmers were highly involved with the policy objective of reducing wild dog attacks they had formed a definitive view about what control methods (including the public provision) would work best for them, and were motivated to participate in developing and implementing community-led, coordinated programs. The Victorian government, to a limited degree, has adopted this community-led approach.
Stage three: agency responses to wild dog control policy options
The Victorian government had, for some time, taken a consultative approach to wild dog control programs. The PCF, however, suggests there should be greater program flexibility and community participation in program planning and decision making.
The variation in preferred control measures among farmers means the success of community-led programs depend on program flexibility to accommodate these differences. This meant having sufficient capacity to co-ordinate different control activities as well as offer incentives for control activities (Lourey et al. 2011) . This led to a modular change in program design and implied a collaborative rather than consultative approach to community engagement for planning and resource allocation (Lourey et al. 2011) . Because farmers had devoted considerable time and effort to developing their views on control activities, they believed they had expertise in this area. Consequently, if consulted on program design, they expected to be included in decisions about program strategy and operations, and to influence the allocation of program funds and other resources (Lourey et al. 2011) . However, this radical change in how to design control programs was not acceptable to the implementing agency and control over planning and resourcing has remained with the agency.
Nitrogen discharges
Lake Taupo is New Zealand's largest lake. Approximately 20% of the catchment is pastoral farming, mostly mixed sheep and beef enterprises, 25% is commercial forestry, and the remainder is native forest with a small proportion in urban use.
Despite excellent lake water quality with low nitrogen and phosphorus concentrations and little algal growth there were signs of gradual water quality deterioration. There were also increases in nitrogen in several streams flowing into the lake from agricultural areas. Modeling studies indicated water quality could be adversely affected if nitrogen leaching from agricultural land was not addressed (Elliot and Stroud 2001) . This led the regional council [4] to take steps to halt any further water quality deterioration.
Stage one: policy instrument to reduce nitrogen discharges
The policy intent was for farmers to reduce nitrogen discharged to the lake. Without policy intervention most, if not all, farmers will continue to leach nitrogen using the capacity of the lake to absorb nitrogen. Therefore, the market failure relates to the capacity of Lake Taupo to assimilate nitrogen. The limited assimilative capacity of the lake means it is rival in use. Nitrogen discharges by farmers create costs for third parties such as tourists, fishers, and Māori, i.e., New Zealand's indigenous peoples, and farmers do not compensate these third parties for these costs. This creates nonexclusive costs or negative externalities, indicating an incomplete market for nitrogen. The purpose of the primary instrument, therefore, is to limit the use of the lake to assimilate nitrogen discharge.
As the wider community faced uncompensated costs with water quality declines, the council determined that these costs were unacceptable to the community (Young and Kaine 2010) . Consequently a policy instrument that forced farmers to reduce nitrogen discharges was determined as appropriate, e.g., regulation, taxes, or charges, or some form of market instrument, rather than voluntary approaches.
In contrast to the wild dog application, individual use of the resource, and therefore contribution to public cost, could be estimated relatively easily and inexpensively using models that predict agricultural nitrogen discharges. The heterogeneity of farms in terms of size, topography, soils, elevation, rainfall, livestock type, and stocking intensity creates differences in the cost to reduce discharges, making market instruments feasible. Ultimately, following extensive farmer engagement, the council settled on a cap-and-trade scheme as the most suitable market instrument for controlling farmers' use of the lake's assimilative capacity.
Stage two: farmers' responses to nitrogen discharge policy options
Farmer engagement in community consultation and planning processes indicates at least moderate farmer involvement with the policy problem of maintaining lake water quality. Their extensive participation in political activity and planning processes also signaled high involvement in the proposal to implement a capand-trade market (Young and Kaine 2010) .
Farmer attitudes toward a cap-and-trade market were largely unfavorable, but less unfavorable than their attitudes to technology or process standards (Young and Kaine 2010) . Farmers preferred a cap-and-trade market because when farm discharges were restricted the market gave farmers flexibility in how they reduced their discharges and allowed the transfer of discharge permits between farmers.
Farmers' attitudes toward the cap-and-trade market were favorably influenced by the council decision to allocate discharge permits based on historical discharges, i.e., there was no regulated reduction in their existing nitrogen discharges. This reduced any immediate financial and social disruption farmers faced (Young and Kaine 2010) . Therefore, the potential for unfavorable farmer reactions and implementation risk was considered low. Ultimately a cap-and-trade market was established alongside a trust with the finances to achieve the necessary reduction in nitrogen by purchasing land and discharge permits (Waikato Regional Council 2014 , Kerr et al. 2015 ).
Ecology and Society 22(2): 2 https://www.ecologyandsociety.org/vol22/iss2/art2/ Stage three: agency responses to nitrogen policy options The council's policy experience was mostly in regulatory policies based on performance, technology, and process standards. Capand-trade markets are different to standards and were new to the council. This was a radical policy innovation for the council requiring organizational changes that the council undertook.
New processes and procedures were developed and specialist knowledge, skills, and experience in market systems were acquired by redeploying staff from external agencies. At the same time there were changes in the roles, responsibilities, and relationships between functional groups in council. As expected, these wide ranging changes were disruptive and required considerable time and resources to successfully implement (Young and Kaine 2010) .
Nutrient benchmarking of farmers and the acquisition of nutrient permits by the trust were two important implementation activities and they posed some outsourcing risks. Outsourcing benchmarking activity appeared low risk because benchmarking was becoming a standardized service. Outsourcing permit acquisition was higher risk because the acquisition process and the rate the trust could achieve its objectives could not be precisely defined in advance. This suggests that the relationship between the council and the activity was subject to bilateral, even unilateral, governance.
Ultimately, both activities were outsourced, to the Lake Taupo Protection Trust (http://www.laketaupoprotectiontrust.org.nz/ page/lake_5.php#the-trust-role). Consequently, the creation of management structures and systems to ensure coordination of activities between the council and the trust was critical to the success of the policy.
DISCUSSION
Key policy design decisions
Applying the PCF to real world policy problems identified important policy design and implementation considerations. First, primary instrument choice depends on a few key decisions related to economies of scale, priorities in regard to individual and community rights, and the practicality of measuring actions and outcomes.
Determining if economies of scale are present is a technical consideration governed by underlying technologies. For example, economies of scale were unlikely to arise in the control of wild dogs, and unlike other services such as education, research, and defence, there was not any merit in the public provision of wild dog control services. [5] Setting priorities around individual and community rights is a social decision. Whose rights have primacy determines whether the instrument should force compulsory change (regulation though technology or process standards or market instruments) or encourage voluntary change (incentives). For example, in Lake Taupo the council determined, based on community consultation, that the uncompensated costs imposed on the community by farmers discharging nitrogen were unacceptable. Therefore, the community's rights took precedence over farmer rights and an instrument compelling farmers to change was acceptable.
The practicality of measuring actions and outcomes is a technical consideration determined primarily by technology and scale.
Measurement is critical to instrument choice because the ability to measure or infer the creation of benefits or costs is required for market instruments or performance standards to be feasible. Where individual creation of a public benefit or cost cannot be easily measured then only technology or process standards is feasible.
With wild dogs, measuring outcomes was impractical for most control activities. Even measuring (observing) some control actions is prohibitively expensive. Consequently, although regulations exist governing the supply of control wild dog services by farmers, they are virtually unenforceable. In contrast, the acceptance of a scientific model that estimated nitrogen discharges based on farmer actions enabled the use of a market mechanism in Taupo.
Instrument design and equity
A second consideration was equity and policy instrument choice. The PCF is designed to help choose policy instruments that correct inefficiencies in the economy, not to correct inequalities in the economy, which is also a key concern of policy makers (Rose and Stevens 1993 , Myles 1995 , Howe 2000 . However, actions to correct inefficiencies will alter the distribution of income and wealth, possibly in ways considered unfair (Myles 1995) . Despite this, the choice of the primary instrument should not be influenced by potentially unacceptable inequalities. Instead any inequalities should be addressed using secondary instruments, such as transfer payments, specifically designed to correct inequalities rather than modify the primary policy (Tinbergen 1950 , Eskeland and Jiminez 1991 , Kaine et al. 2017 .
Equity is considered, however, in two ways in the PCF. Equity may be considered when determining whose rights have priority, either the community experiencing uncompensated costs or benefits or the subset of the community creating the uncompensated costs or benefits. This decision will be influenced by the magnitude of these costs and benefits for affected parties. In reality, though, the aggregate costs and benefits of change can only really be assessed once the primary instrument has been chosen. At this point a complementary mechanism can be formulated to redistribute costs accordingly. In the Lake Taupo case, the costs of reducing nitrogen discharges were shared among farmers, ratepayers, and taxpayers, largely by establishing an independent trust to achieve the necessary reduction in nitrogen discharges.
Equity is also considered during instrument design, e.g., when deciding how to allocate discharge permits, developing eligibility rules for incentives or rules for who is regulated. These considerations influence the distribution of gains and losses among farmers, i.e., the fairness, or otherwise, of how farmers are treated relative to each other.
Structuring policy design processes
A third consideration is the speed, and therefore cost, policy instruments are chosen, crafted, and implemented. Although the PCF was applied after the wild dog and nutrient discharge policies had been chosen, its application yielded policy prescriptions broadly consistent with the chosen policy. This suggests the underpinning theories used to develop the PCF are broadly consistent with policy practice and can provide a formal logical way of structuring and justifying the policy design process. In the Ecology and Society 22(2): 2 https://www.ecologyandsociety.org/vol22/iss2/art2/ Lake Taupo case, if the council had used the PCF through the policy process they would have been able to transparently and systematically articulate the fundamental reasoning to politicians as to why a cap-and-trade market was the preferred instrument for limiting nitrogen discharges (Young and Kaine 2010) .
The explicit, theoretically sound, and systematic incorporation of farmers' reactions in the policy design process also identifies unfavorable farmer reactions early in the policy process. Unfavorable stakeholder responses to policy are a key challenge in any policy process (Grimble and Wellard 1997 , Smith and Sime 2007 , Young and Kaine 2010 , Godwin 2016 . Formally assessing potential responses during the policy choice process creates opportunities to consider and develop appropriate strategies for engaging with farmers, modifying instruments, or even abandoning particular instruments. With both wild dog control and limiting nitrogen discharges the PCF highlighted variation in farmer reactions to proposed policy instruments. With wild dogs, there were differences among farmers in preferred control methods (Lourey et al. 2011 ) and in Lake Taupo there were varied responses to how to regulate nitrogen discharges across diverse farm contexts (Young and Kaine 2010) . Therefore, the PCF provides an approach to reduce, to some degree, awkward surprises for policy designers and politicians .
CONCLUSION
There is a substantial literature on the characteristics of policy instruments, their strengths and weaknesses, and criteria for choosing between them. However, few tools draw on microeconomic theory around market failure to assist policy makers to choose policy instruments. It is this gap the PCF is designed to address.
Using examples of wild dog management in Victoria, Australia and agricultural nitrogen discharge control in Lake Taupo, New Zealand, we showed how the PCF could identify an initial preferred policy instrument for changing the behavior of farmers. The development and application of the PCF has revealed that, to our surprise, only three factors have a critical influence when it comes to choosing between policy instruments using this approach: whether economies of scale are present, whether the change in farmers' behavior should be voluntary or compulsory, and whether it is practical to measure outcomes or actions of farmers. We also found the PCF could play a role in reducing the confounding effects of equity considerations in policy instrument choice. In addition, the PCF can potentially accelerate the policy design process, reduce costs, and avoid, to some degree, awkward surprises for policy designers and politicians.
Given policy design is increasingly challenging as natural resource issues and solutions become more complex and there is greater stakeholder awareness around the impacts of natural resource use, it is timely that frameworks such as the PCF are developed to aid the policy process. Its decision-tree structure is intended to help policy makers deliberately and systematically choose policy instruments to influence farmer behavior. The PCF is unique among methods for choosing policy instruments because it links primary policy instrument choice, based on the nature of market failure giving rise to the policy problem, with predictions of farmer behavior and predictions about the organizational needs of implementing agencies. In other words it considers not only the natural resource problem, in its wider context, but also how people, both affected parties and policy administrators, interact with the proposed policy instruments. By bringing the human dimension alongside the physical elements of resource management problems, policy makers are enabled to better understand the implications and reactions to policy instruments earlier and to provide an opportunity for more constructive debate and discussions around how best to address increasingly complex natural resource problems. __________ [1] We acknowledge that other equally important criteria such as legitimacy and equity also influence the choice of policy instrument. [2] The terms "public goods" (missing markets) and "externalities" (incomplete markets) have been avoided because there is confusion about the meaning of "public goods" and "the public good" among noneconomists. Similarly to talk of market failure can confuse because it implies the presence, rather than the absence, of a market. [3] In some Australian states, wild dog bounties are used as incentive payments but are not part of a structured market instrument. [4] Regional councils are the regulatory authority in New Zealand responsible for managing freshwater resources. [5] Note that, the PCF activities such as extension and promotion are not treated as policy instruments even though they are often described as such. These activities are not, strictly speaking, policy instruments. They are services. The policy instrument is the public provision of these services.
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